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The determination of pesticide residues or metabolites in biologic fluids of the general population has recently been the subject of many articles (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Exposure of the general population to pesticides is due to residues in food and drink (dietary exposure), atmospheric dispersal of aerosols and vapors (respiratory exposure), and skin contact with contaminated articles (cutaneous exposure). Skin contamination may sometimes lead to oral nondietary exposure. Pesticide residues in indoor environments are not subject to degradation by sun, rain, and soil microbes and are therefore more persistent than in the environment at large.
Children's exposure to pesticides is potentially greater than that of adults for two reasons. First, depending on their age, children may spend much of their time on the floor, where they may come into contact with dust and soil. A substantial quantity of contaminated matter may be ingested through fingers and other objects placed in the mouth. Studies reported by U.S. Environmental Protection Agency investigators (11) estimate that children have a 12-times greater health risk than adults associated with the ingestion ofdust and soil.
Dietary exposure to pesticide residues is also potentially higher for children. In relation to body weight, children drink more water, milk, and fruit juice than adults, and consume a large quantity of fresh foods.
Organochlorine compounds were the first to be studied in the general population because of their widespread use, persistence, and effects on health. However, in the last 20 years there has been a considerable increase in the use of less persistent compounds, such as organophosphorus insecticides, which have greater acute toxicity. The acute effects of the organophosphorous insecticides are well known, but the chronic effects are not well characterized and the available data are mainly for adults. Little is known about chronic toxicity in children (12) and no studies have been published on the neurotoxic effects of low levels of children's exposure.
Once organophosphorus pesticides (OPs) have entered the body, they are rapidly metab-olized and almost entirely excreted in the urine within 24 hr of absorption (13) . Alkylphosphates [dimethylphosphate (DMP), dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), diethylphosphate (DEP), diethylthiophosphate (DETP), diethyldithiophosphate (DEDTP)] are urinary metabolites of many phosphoric esters, and are derived by A-esterase-catalyzed hydrolysis (14) .
Few studies regarding biologic monitoring of exposure of the general population to OPs by urinary alkylphosphate assay (2,4,6) have been published, and only one examines children (6) . In this study, urinary excretion of DMTP in children living in families in which at least one member performed pest control operations with OPs was compared with that of a reference group consisting of children who lived far from agricultural environments and who had no member of the family working in agriculture.
The present study evaluated urinary excretion of six alkylphosphates in 195 children 6-7 years of age, who lived in Siena, a hill town in Tuscany (Italy). The collection of urine samples was accompanied by a questionnaire on lifestyle and dietary habits. We had three specific aims for the study. The first aim was to compare urinary excretion of these metabolites in the general infantile and adult populations [the adult population consisted of 124 subjects who lived in the same province and who were the subject of a previous study (4) Statistical analysis. Many urine samples had concentrations below detection limits for some metabolites. Our preliminary analysis therefore consisted of calculating the positivity percentages (% pos), i.e., the percentage of samples above detection limit for each analyte. Statistical analysis of the samples was then carried out, including a value half the detection limit for nondetectable analytes.
We used the Kolmogorov-Smirnov test to check the distribution of samples for the six alkylphosphates; we found a positive asymmetric distribution, which became normal after log transformation. Parametric analysis (multiple regression) was therefore used for subsequent comparisons. We used the Bonferroni/Dunn post hoc test (multiple comparisons) to examine whether the mean values of the dependent variables were different from each other for each level of the factors. Statistical significance was set at oc= 0.05.
We used some of the information obtained with the questionnaire (diet, occupation of parents, height, weight, and height/weight ratio) for qualitative classification of the population. Age was not considered because the children differed in age by no more than 1 year. The variables considered for subsequent statistical analysis were sex, the presence of a vegetable garden or garden near the house, ornamental plants or cut flowers (taken together) or pets in the house, pest control operations performed in the preceding month, and whether the child ate lunch at school on the day before sampling.
The influence of these variables was evaluated for single alkylphosphates and for the sum of dimethyl (DMP + DMTP + DMDTP), diethyl (DEP + DETP + DEDTP), and all metabolites expressed in nanomole per gram creatinine. We named these sums methyl, ethyl, and sum, respectively. To calculate these sums, analytes below the detection limit were counted as a value half the detection limit. None of the subjects had all ofthe metabolites below detection limit.
Results
Study participation was approximately 67%: of the 291 questionnaires distributed to parents, only 195 were completed and returned. The main reasons for low participation were forgetting to compile the form or return it, absence from school, and lack of interest. Of the 195 children, 103 were girls (53%).
None of the children had any particular diseases: there were two cases of allergy (one asthma and the other glomerulonephritis).
The children were between 6 and 7 years of age; 119 children (61%) were 6 years of age.
Height, weight, and height/weight ratio [mean ± SD, (range)] were 125.7 ± 7.4, (100-143) cm; 26.7 ± 5.6, (16-47) kg, and 4.9 ± 0.8, (3.0-6.9), respectively. These parameters had a normal distribution.
The most common parental occupation was public servant (31 and 45% for mother and father, respectively), although a small percentage of parents were farmers (1 and 2% for mother and father, respectively 
Discussion
Alkylphosphates can be detected in the urine of subjects occupationally exposed to OPs (14, (17) (18) (19) (20) (21) (22) Urinary alkylphosphates can be detected in urine at exposure levels much less than those affecting cholinesterase activity (17) . These metabolites are quickly eliminated and maximum excretion usually occurs within 24 hr of exposure (13) . Because of this rapid excretion, the data on food and drink consumption obtained with the questionnaire regard the day before sampling.
There have been few studies on biologic monitoring of exposure of the general population to OPs based on assays of urinary alkylphosphates (2,4,6) and only one of the studies (6) considered children. The Loewenherz et al. (6) study was conducted in the state ofWashington, and used biologic monitoring to determine the exposure of children of farm workers to OPs. DMTP emerged as the biologic indicator of exposure. Urinary (2) . If we exclude concentrations < 20 pg/L from the results of the present study, the % pos become 26.0% for DMP, 28.0% for DMTP, 2.0% for DMDTP, 0.5% for DEP, 2.0% for DETP, and 0.5% for DEDTP. These percentages are higher than those published for dimethyl metabolites (12% for DMP, 6% for DMTP, and < 1% for DMDTP) and lower than those for diethyl metabolites (7% for DEP, 6% for DETP, and < 1% for DEDTP) (2). The difference is presumably due to the greater use of dimethyl OPs than diethyl OPs in Italy. 17 ,000 ng/g in dust of houses near orchards or in which the parents worked in agriculture. All four compounds were detectable in 62% of dust samples and two-thirds of the houses near orchards contained at least one insecticide at concentrations > 1,000 ng/g. Residues were detected less often in reference houses, and concentrations were always < 1,000 ng/g. These results showed that children from farming families have a higher potential exposure than children from nonfarming families. Azinphos-methyl, which is only registered for use in agriculture, was found regularly in the samples, suggesting widespread exposure (25) .
Based on urinary concentrations of alkylphosphates, it is difficult to estimate the daily dose of OPs to which the children were exposed because the same metabolites may be derived from hydrolytic cleavage of various compounds, which may have very different physicochemical, toxicologic, and metabolic characteristics, although they are all phosphoric esters. The problem is further complicated by the fact that absorption may also be due to cutaneous, oral, and respi-ratory exposure. Measures of urinary alkyl-phosphates can therefore only be used as a qualitative indication of exposure to OPs (26) .
The present results seem quite significant. Our statistical sample was probably rather small to evaluate all of the variables considered. Moreover, the classes considered for each variable consisted of a different number of samples, which may also partially reduce the validity of the significance levels. It seems worthwhile to extend the study to the whole Italian population for confirmation of our findings and to detect differences between different areas.
In conclusion, the presence of these metabolites in the biologic fluids of adults and children is an excellent indicator ofwidespread environmental contamination and is more sensitive than evaluations of contamination of environmental matrices (air, water, food, drinks, etc.). In fact, analysis of environmental matrices and food sometimes provides results below detection limits, leading to the erroneous conclusion that these substances are not present in the environment and are therefore not dangerous for humans. The fact that detection limits are not reached for single matrices does not mean that OPs are absent or that they may not occur in increasing concentrations in living organisms at progressively higher positions in the food chain. Because humans do not have a direct relation with a single matrix, rather with all environmental compartments, they may act as concentrator-accumulators. Humans can therefore be regarded as one of the best indicators of diffuse contamination.
